The method for estimating an animal's age based on the eye lens weight was applied for the root vole, Microtus oeconomus (Pallas, 1776). A standard method for handling of lenses is suggested on the basis of various tests covering technical aspects such as type and length of fixation. The developed statistical model is compared with similar methods for estimating age, particularly for small rodents.
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INTRODUCION
Knowledge of an individual's age is essential to most population studies. For instance, reliable estimates of age are needed in order to construct life tables (cf. E m 1 e n, 1973; Krebs, 1978;  or any other standard texts in ecology). In connection with a study of small rodent populations at Finse, Ilardangervidda, Norway (60°36'N; 7°30'E) (see 0 s t b y e et al., 1975; Hägen eta l, 1975) , we therefore aimed at constructing a convenient and reliable method for estimating the age of root voles (Microtus oeconomus), one of the dominant rodent species in the area.
It was reasonable to consider Lord's (1959) method of using the weight of the eye lens as an age indicator, sinpe this method has been successfully applied to other species of small rodents (e.g., Martinet, 1966; Askaner & Hansson, 1970 ; 0stbye & Semb-Johansson, 1970; Le L o u a r n, 1971; Adamczewska-Andrzejewska, 1971, 1973a, b; for review see Pucek & Lowe, 1975) . In particular the results of Adamczewska-Andrzejewska (1971, 1973a) on striped field mouse (Apodemus agrarius) should be noted: She found that lens weight is the most reliable estimate of age. Tooth wear was shown to be a good measure of mean age for large samples, but showed a high degree of individual variation rendering it unsuitable for estimating age of individual specimens.
The present paper reports the application of the eye lens method to the root vole and its reliability in estimating age of animals caught in the field. As treatment of the lenses may influence the results, we also present a brief evaluation of technical details. Further, as many of the previous studies have paid little attention to statistical treatment of the data, and because some confusion exists, (e.g., Gilbert, 1973b ; D a p s o n, 1973), we also elucidate this aspect of the method in some detail.
MATERIAL AND METHODS

Material
Root vole stock from Finse were bred under controlled conditions in the laboratory. Eye lenses from 35 animals, aged 13 to 580 days were processed. In addition lenses from 11 animals marked as juveniles and therefore of known age, from 10 to 410 days when »recaptured« as dead, were obtained from a study using live traps at Finse (Hagen et al., 1975) . In order to evaluate the fixation procedure, a comparable sample of root voles were obtained by snap-trapping in the same area.
Treatment of the Lenses
In our standard procedure (see also Section 4) the lenses were fixed in 4°/o formaldehyde (40%: water = 1:9) for one week, then dissected out and dried in an incubator at 80°C for one week, and weighed immediately with 0.01 mg accuracy. We summed the weight of the two lenses. In the rare cases where one lens was damaged, the weight of the remaining one was doubled. In the tests of various fixation procedures, one lens of a pair was subjected to the standard procedure whereas the other lens was subjected to an alternative treatment.
The Statistical Model
Our purpose is to arrive at an estimate of age, A (in days), from knowledge of the combined lens weight, W (in mg), i.e.
A=f(W) (1)
From Eq. (1), it can be seen that we want to find the regression of A on W (terminology as in Draper & Smith 1966). Myers & Gilbert (1968) and Gilbert (1973a, b) state categorically that this is the only valid regression. However, A, as given in our material and presumably in most other equivalent materials, in a discrete non-random variable. Thus it cannot be used as thp dependent variable in the regression analysis as suggested by Myers & Gilbert (1968) and Gilbert (1973a, b 
where n is the number of observations used for finding d and b in Eq. (4), t is the 5°/(h-fractile in the Student distribution with n-2 degrees of freedom, and X is the observed mean. Furthermore,
-and
Having found L as given by Eq. (7), 10L gives an interval estimate (A v A u ) for age.
If the interval estimate for the mean is desired, it may be found by subtracting 1 from the expression inside the square root sign in Eq. (7) 
RESULTS
Fixation
The results of the lens fixation tests are shown in Fig. 1 . There is no significant difference between the weights of a pair of lenses fixed in 4°/o formaldehyde for one week (Fig. 1 A; Wilcoxon or Mann-Whitney two-sample rank test; Owen, 1962) . The same result has been found in earlier studies (e.g., Lord, 1959; Broekhuizen, 1973) .
When collecting organs from small rodents for histological purposes, the samples were usually transferred to 70% alcohol after fixation (0 s t b y e et al., unpubl.). In pairs where one of the lenses was stored in 70°/o alcohol for one week after both had been fixed in 4% formaldehyde for one week, the alcohol-stored lenses were almost significantly lighter at 5%-level (Fig. IB) .
Lenses fixed in 4% formaldehyde for one week versus four weeks, showed no significant difference, although there was a slight tendency for the four-week lenses to be heavier (Fig. 1C) . This may represent a general phenomenon: If organs, including eye lenses, are stored in formaldehyde for long periods, they increase in weight (P u c e k, 1967). This is probably due to the formation of paraformaldehvde in the tissues. In lenses fixed in 4% formaldehyde versus 10% (40% : water= 1 : 3), the 10%-lenses are significantly heavier (Fig. ID) picohol for one week. Alcohol stored lenses almost significantly lighter at 5% level. C: One lens fixed in 4% formaldehyde for one week, the other for four weeks.
No systematical difference. D: One lens fixed in 4% formaldehyde for one week, the other in 10% for one week. 10%-lenses significantly heavier.
The Regression Line
The regression line together with its 95% confidence interval for individual predictions is shown in Fig. 2 (cf. Table 1 ). Note that the x and y axes are interchanged for reasons given in Section 2.3. Data points for animals younger than three weeks or older than one year, not included in the regression analysis, are also shown. Further, only data from laboratory animals are included in the regression analysis. On the basis of the statistics given in Table 1 it is seen that 96% of the variation is explained by the performed regression. In Fig. 2 Table 1 Estimated parameter values entering model (3) and other necessary quantities entering the formula for the confidence limits (Eq. (7)). S x is the sum of x, and t is the 95°/o Student fractile with n -2 degrees of freedom. Lord (1959) are also depicted data points for field animals. Notice that these do not show any sign of deviation from laboratory animals. This indicates that our method may be applied for any reasonable length of age span for root voles. Thus, this is much better than what is possible for, e.g., hares (Lepus europaeus) (Anderson & Jensen, 1972). Table 2 shows the 95°/o confidence limits of predicted ages X (or A) for mean predictions and for individual predictions with given lens weight. For convenience the table covers the interval from 25 to 375 days.
It should at this point be emphasized that for most applications of this method in population studies, the seasonal changes in lens growth discussed by S c h w a r z et al. (1964) will have no important effects on the conclusions being reached (e.g., Stenseth et al., 1979) . 
RECOMMENDATION
On the basis of the results given in Section 3.1., we recommend the following treatment of lenses to be followed in such studies. 1. Extract eyes from fresh animals. Avoid decomposition and desiccation. 2. Transfer the eyes to 4% formaldehyde. Careful puncture of the eyeball facilitates fixation. 3. After fixation for one week, dissect out the lens from the eyeball, remove ligaments and dry the lenses to constant weight in an oven at 80°C (Lord, 1959 ; and later workers). For small rodents five days will suffice.
COMPARISON WITH OTHER METHODS
It has been suggested that lens weight is not a suitable method for •estimating age in small mammals because wide confidence limits are presumed to result (e.g. Dapson & Irian d, 1972 comparison suggests that the lens weight method may be as good as the tyrosine method of Dapson & Irland (1972) . Further, as the lens weight method is technically simpler, it may be preferred for most routine work.
Model (3) was applied by Dapson & Irland (1972) . Their data did not demonstrate any systematic deviation from the model. Neither are such deviations found in our material. 0 s t b y e & Semb-Johansson (1970) in a study on the Norwegian lemming (Lemmus lemmus) assumed no specific model. However, plotting their data on semilog paper (Fig. 3) it is seen that no obvious deviation from model (3) results. Therefore, on the basis of their original data, we have estimated the parameters in model (3) (cf. Table 1 (Table 1) .
this analysis we have, as in the present study, applied only animals older than 20 days. No specific model was assumed by Lord (1959) in his study on the cottontail rabbit (Sylvilagus floridanus). However, using his data for animals older than 40 days, we estimated the parameters in model (3) ( Table 1 ) and demonstrated that no such deviations can be found in L o r d's (1959) data either (Fig. 4) . Kozakiewicz (1976) in a study on the bank vole (Clethrionomys glareolus) assumed two linear models defined over two complementary ranges, the border between which was decided somewhat arbitrarily. Plotting all Kozakiewicz's data, taken approximately from his graph, on semilog paper (Fig. 3) it is seen that no obvious deviation from model (3) results. Analyzing Adamczewska-Andrzejewska's (1973b) data for the European common vole (Microtus arvalis) in a similar way, a systematic deviation is, however, found (Fig. 3) . Altogether, this demonstrates that model (3) is applicable for several species. Adamczewska-Andrzejewska's study demonstrates, however, that model (3) is not generally valid.
